The diversity of species of gymnamoebae in a single sample from a rain-water pool in Bratislava (Slovakia) was investigated. To maximize the recovery of species, six enrichment cultivation media were used. A total of 12 taxa, representing five families and eight genera of Gymnamoebia, were recovered.
Introduction
Recent reports on the diversity of naked amoebae in freshwater habitats have focused mainly on lakes (Smirnov & Goodkov, 1996; Matis et al., 1997; Butler, 1999a, b; Smirnov, 2003) and occasionally on rivers (Ertl, 1984; Mrva, 2003b) . A few specific freshwater habitats, such as water-filled treeholes, have been studied (Mrva, 2003a) , but other small or temporary water bodies have received little attention.
Rain-water pools are astatic water bodies originated by rain without any tributary and drain. The depth of these water bodies is usually shallow resulting in considerable temperature and volume changes that relate to prevailing weather conditions and season. The temporary nature and extreme conditions in these rainwater pools greatly influence the makeup of indigenous living forms (Lellák & Kubíček, 1991) . Only a few papers have considered Protozoa in rain-water pools and most of these were on ciliates (Gelei, 1950; Matis, 1966; Foissner, 1980) . Matis et al. (1997) studied the naked amoebae inhabiting three rain-water pools in Bratislava (Slovakia) but generally naked amoebae in such habitats have gone unnoticed.
It is likely that difficulties with the identification of gymnamoebae have dissuaded researchers from studying this group and led to the limited information on their diversity (Smirnov & Goodkov, 1996) . The problem of identification is closely connected with the need for enrichment cultivation methods. To recover the maximum number of species from a habitat, it is preferable to use several different formulations including at least one liquid medium and one agar medium (Smirnov, 2003) .
The results of the present study provide the first species composition of gymnamoebae isolated from a single sample of a rain-water pool on the Devínska cesta -road in Bratislava (Slovakia). Several types of culture media were used to optimize diversity.
Material and methods
The sample of water and detritus was collected on 17 May, 1999 from a rain-water pool on Devínska cesta road in Bratislava (W Slovakia, 48 • 10 N, 17
• 04 E). The rainwater pool originated after rainfall two days before sampling. On the day of sampling, the temperature of the water was 26
• C. The sample was collected in a 300 ml glass vessel and immediately transported to the laboratory where subsamples were inoculated on six enrichment media (two liquid, four agar media) in 50 mm diameter Petri dishes. For each medium two dishes were inoculated. The following media were used: Prescott-James (PJ) medium with two rice grains/Petri dish; Grass-seed (GS) infusion; Grass-seed agar (GSA); GSA with an overlay of water from the sample (GSA + W); Non-nutrient agar (NNA); NNA with an overlay of water from the sample (NNA + W). For recipes and more information see PAGE (1988 PAGE ( , 1991 . Cultures were incubated at 22
Cultures were examined during a one month incubation period using a Nikon Labophot microscope with phase contrast optics. Identifications were made at light microscopy level, with an emphasis on the morphology of the trophozoite and floating forms. The size, type of locomotion, type and size of nucleus were also considered. Keys by PAGE (1988 PAGE ( , 1991 
Results and discussion
A total of 12 taxa of gymnamoebae (two orders, five families, eight genera) were isolated. These included nine species, two taxa identified only to genus and one unidentified paramoebid amoeba (Tab. 1). The highest diversity was noted for the families Paramoebidae and Thecamoebidae with five species and four species, respectively. The identification of gymnamoebae solely by light microscopy is very difficult and often does not allow to reach the species level. However, the morphology of trophozoits and their floating forms (with their size, type of locomotion, type and size of nucleus) are species specific if they are considered together as a complex of features. Therefore it is important to work with detailed descriptions of species in the literature. Hartmannella vermiformis is an easy identifiable amoeba with a typical elongated shape and a distinct permanent hyaline cap on the anterior end. Thecamoeba quadrilineata was typical with several parallel dorsal folds and vesicular nucleus with smooth central nucleolus. Dermamoeba granifera with a smooth surface and slightly narrowed anterior end possesses a zone of fine granules in the anterior hyaline part of the cell. Special attention was given to the identification of species of the genus Paradermamoeba. Paradermamoeba levis was differentiated from Paradermamoeba valamo by its shape, smaller size and floating form. Platyamoeba stenopodia has a typical lingulate shape and nucleus situated close behind the hyaloplasm. The genus Korotnevella was differentiated from the genus Mayorella by different types of subpseudopodia (Korotnevella has hyaline finger-like dactylopodia, Mayorella possess conical subpseudopodia with rather broad basis and narrowed tip) and by absence of the double crystalic inclusions. Korotnevella stella is typical with its floating form with about 6-8 bent pseudopodia. Another two known freshwater species of this genus are typical with the formation of distinctly different floating forms (Page, 1991; Smirnov, 1999) . Mayorella cantabrigiensis was identified on the basis of its size and absence of the radiating floating form. Mayorella penardi was typical with the frequent absence of any subpseudopodia and a much smaller size (Page, 1991) . Mayorella sp., unidentified paramoebid amoeba and Flamella sp. did not correspond to any published descriptions and they are likely to be new species.
As expected, the use of several enrichment cultivation media enabled the isolation of different amoebae. Culture media that used a grass-seed infusion yielded a higher diversity of amoebae than for the other media. For example, GS medium produced four species, GSA yielded five species and GSA + W gave four species of amoebae. By comparison, NNA produced only two species of amoebae and PJ and NNA + W media yielded no amoebae over the incubation period. Two species, Thecamoeba quadrilineata and Korotnevella stella, appeared in two media formulations while all other species were detected on only one culture medium (Tab. 1).
This examination of a single sample from a rainwater pool showed an interesting diversity of species (i.e., 12 taxa). This can be compared to species counts from other, more stable habitats. Ertl (1984) reported 17 species in various substrates collected from a river, and Mrva (2003b) noted 14 taxa from river sediments. Greater diversity has been noted from lake or pond sediments; 14 species (Matis et al., 1997) , 29 species (Smirnov & Goodkov, 1996) , 16 and 23 species (Smirnov, 2003) of gymnamoebae have been reported. The plankton of three Antarctic lakes yielded 23 species (Butler, 1999a) , 16 species (Butler, 1999b) and 13 species of naked amoebae . The study of water from treeholes showed 19 species of Gymnamoebia (Mrva, 2003a) . Frequently, higher diversities of naked amoebae have been reported from marine habitats although Butler & Rogerson (2000) have commented that counts are often significantly underestimated.
Rain-water pools are unique habitats facing extreme changes over a very short timeframe. Temperature fluctuation during the day and volume changes (influenced by rainfall and evaporation) favour the survival of rapidly growing Bacteria, Cyanobacteria, Algae and various Protista. Many species of freshwater and soil gymnamoebae are probably ubiquitous because their presence has been noted in many different habitats (Page, 1991) . Similar conclusions can be drawn from the species lists derived from lakes and ponds (Smirnov & Goodkov, 1996; Matis et al., 1997; Butler, 1999a, b; Smirnov, 2003) , rivers (Mrva, 2003b) , treeholes (Mrva, 2003a) and soil (Brown & Smirnov, 2004) . Rain-water pools can now be added to the list of habitats that support the same species of freshwater/soil gymnamoebae. This contributes to the view that naked amoebae are ubiquitous because of their large ecological tolerance.
The use of a range of culture media is very important when undertaking a biodiversity study of naked amoebae in a particular habitat (Page, 1988 (Page, , 1991 Smirnov, 2003) . In the present study 12 species of Gymnamoebia were recovered by growing out just one sample on 6 different culture media. Similarly, relatively high numbers of species were found in a single cultivated sample by Smirnov (2003) . He reported 16 species of Gymnamoebia from Neuchâtel Lake and 26 species of Gymnamoebia from one sample from Neuchâtel Pond.
Interestingly, in the present study, PJ and NNA + W media yielded no species of amoebae. This could be due to several factors such as inappropriate composition of the medium, overgrowth of bacteria inhibiting the growth of amoebae, or lack of amoebae in the inoculum because of their heterogeneous distribution in this habitat (Smirnov, 2003) .
In conclusion, rain-water pools comprise an interesting habitat about which there is practically no information on the diversity of naked amoebae. This brief study recovered members of five families of Gymnamoebia and also demonstrated the importance of using more than a single type of culture media when studying diversity of naked amoebae in a habitat.
